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Plethora of observational evidence

Dark Matter Ring in Galaxy Cluster Cl 0024+17 (ZwCl 0024+1652)
Hubble Space Telescope « ACS/IWFC

Simulations are in good agreement

Necessary for structure formation

No direct measurements !




Theoretical Landscape:
What can Dark Matter be ?
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Favored candidate:

® Popular candidates are WIMPs

o \WIMPS: stable, neutral, weakly interacting massive particles
e Originally motivated by weak freeze out

® Neutralinos from SUSY

® Current theoretical / observational limits:

103GeV T 1GeV
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Direct Detection:

® Expected Exponential spectrum

. .

WIMPs and Neutrons
scatter from the

® Rate driven by cross-section, 3 S
A g TN
astrophysical distributions and nuclear"" :{;',' o -
form factors \\‘ = A e
i - \
Rates: : ' |

Expected WIMP rates < 102 interactions/kg/year

So detector masses several kg to tons, and super
long (years) runtimes !

C.f. A dozen bananas in 1 day has > 10° decays

Major investment in shielding and purity



Experimental Landscape:

-39\ CDMS Shallow
Jd arXiv:1010. 4290
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......... \ arXileO71005 .
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CDMS Il Low Mass -
arXiv:1011.2482

Xenon100 S2/S1
arXiv:1104.2549
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CDMS: / L

Electron Recoil

dEtECtor phy51cs ! w\ }WM)

WIMPs (nheutral and massive) will e \
interact more with nuclei than e’s QU (retons, wivs
o

Lattice ek Interaction w/ lattice nuclei ->
electrons phonons i.e heat
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Recent addition from CDMS II -Si

phonons & ionizations measured

CDMS II used Ge and Si1 detectors at Soudan

Ge detectors showed 2 candidates 1n 2010 analysis
(arxiv:0912.3592)

Low threshold Timits from Ge 2011 (arxiv:1011.2482v3)

Interesting results recently published from 8 Si
detectors with 140.23 kg-day exposure. (arxiv:1304.4279)

S1 has better kinematic matching to light WIMPs

9



cbMs 1Z:
Yield Discrimination
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However, some ER
Recoil Energy (keVee) points droop i1nto the
NR band !

lonization

Yield = Pl
onon - Surface Events




Expectations of the Si1 background

Neutrons

Active veto rejects

: P Passive Shielding
cosmogenicC neutrons.

- PB, poly, depth

Active Shielding

Passive shielding stops . N
radiogenic neutrons ¥ - muon veto

¥l

Expected background < 0.13

Ssurface events

nuclear They are rejected by timing cuts

recoil

Expected ~ 0.47

11



Results from the S1 analysis

‘OCandidate |

Candidate 2 . ‘ 7_20
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L1ght WIMP parameter space today

Likelihood test favor WIMP+ background at 3 o
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Inter lude

The Low Mass WIMP space has become
more i1nteresting.

We must design experiments clearly
probing mwve < 10 GeV/c? space.

Thresholds must be << 1 keV.

with this 1n mind
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Chal lenges at low energies

m, = 10GeV

——D)\V/

ER ~ lkeV

Most experiments have
thresholds > 0.5 keV
and cannot detect such
signals, with high

\ confidence.

E, =~ 0.15keV
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CDMS -
low 1onization threshold experiment

Ionization only experiment

Utilizes novel electron
phonon physics

Potentially 85 eVee threshold

16



Luke phonons: lower thresholds

Bias voltage accelerates
electrons / holes

Charge Propagation

Resulting Luke Phonons e/ h h ave e t “ r'm-i N a-l
velocity’

This “excess energy 1S
radiated as Luke phonons

Noise ~ constant with Vp

Small Ne/h — increase Vy —

Clear detection of low energy recoils




Activation lines: clear resolution

In electron
equivalent units,
spectral lines
show sharp
resolution

CDMSlite data demonstrating
from ~ 7 kg-days Luke gain
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1.3 and 10.4 kev lines are seen with
great resolution,
3.3 % and 1.9 % respectively. 18



Threshold The RMS (o) of base line
noise indicates the smallest

energy pulses we can detect.

oleVee| ~ 13.38 eVee

200




current Status

Analysis 1s 1n final stage.
Checking various cut efficiencies.
Excess noilse under 200 eVee

Two “events” around 200 eVee

0.15
—
B
—C
—D

e l|<
event

noise

1000 3000 4000 6000 7000 0.1

1000 3000 4000 5000 6000 7000

time (mS) time (mS) time - u s)

We are designing cuts against such noise.
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Projected Low mass landscape
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_ _ conclusions
Si analysis

3 events 1n signal region at 140 kg-day exposure.
Likeli1hood test favors wWIMP+background at ~30

The maximum likelihood occurs at mwmwe = 8.6 GeV/cC?
and ost = 1.9x10-41 cm?

CDMSIlite

Novel method to lower i1onization thresholds has
been successfully tested.

Around 7 kg-days of data has been collected, and
final analysis 1s underway.

Expect to reach ~170 evVee threshold, and provide
strong commentary on Low mass WIMPS (0(10)Gev/c?)
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Expectations for Si1 detectors

WIMP-induced Nuclear Recoil Spectrum

m.=10 GeV, aﬂ'ﬂ=1l1l"'5 cm?
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=
DI|
Ln

— Argon — Xenon

Rate [counts day ' kg ! keV!]
o
*

20 25 30 35 40
Nuclear Recoil Energy [keV]

S1 1s a better light
WIMP detector due to
kinematic matching.
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Results from the S1 analysis

Shades of blue indicate the three separate timing cut energy ranges.
: ' ) Candidate 1 |
) Candidate 2 !
. Candidate 3 |
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Three Events!
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Candidate 1

Raw Phono.n Traces‘ Raw lonization Traces
‘ —Q-inner
{| —Q-outer
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Event Details

Charge
Detector Signal to
Noise

Event 1 . July 1, 2008

Event 2 12.29 keV . Sep 6, 2008

March 14,

Event 3 2008




Post Unblinding checks

Events: occurred during stable periods, well
reconstructed, not multiple scatters

Surface events

Using 3 NR sidebands, good estimates were obtained
0.41 (-.08 +.20 stat.) (-.24 +.28 syst.)

206ph recoi1l estimates limited to <0.08 events

30



Likel1hood analysis

Tower 4, Detector 3

Note: these are the
Normalized
Distributions!

Normalized distribution

WIMP model

80 100
Energy [keV]

0.7 expected events
Surface + n + Pb
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Testing our known background estimate against a
WIMP+background hypothesis

» A likelihood ratio test favorsa g0 = —2log { ﬁ(mx; Ux:’”’ — g’ ) } =2 log{ﬁ(gl) }
WIMP+background hypothesis 2 (M, Gx—n, V) (Ho)
over the known background
estimate as the source of our .
signal at the 99.81% confidence E.F — — *=13.2: pvalue = 0.19%
level (~30). 10

The maximum likelihood 102
occurs at a WIMP mass of 8.6

GeV/c2 and WIMP-nucleon 10°

cross section of 1.9x104! cm?2.

Distribution of profile likelihood ratio test statistic il{q0|HG]|
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S1 nuclear recoil energy scale

Possible ~10% underestimation of Si nuclear recoil energy scale

Below 20 GeV/c2 the change is well approximated by shifting the limits
parallel to the mass axis by ~7%. In addition, neutron calibration multiple
scattering effects improve the response to WIMPs by shifting the upper
limit down parallel to the cross-section axis by ~5%.

¢58 - Si Likelihood analysis: Nuclear Recoil Energy Scale I ¢58 - Si Sensitivity Limit: Nuclear Recoil Energy Scale

‘]
—
o
&
(-]
TTT n]
—
Q
[
(==}

€58 (90% C.L.):i ey = 1
* (8.58 GeVic?, 1.86e-41 cm?®)
58 (90% C.L.): ¢ pq = 0.9
* (913 GeV/c®, 1.7e-41 cm’) |

€58 (90% C.L.): cpp = 1

e
S
W
o
-
S
w
o

TT TT]'U]

€58 (90% C.L.): =y = 0.9

-y
o
b
(=3
-
o
b
o

I ”HHI

! TIHH[

-

o
-~
X]

=)
%
N
WIMP-nucleon cross section [cm?]
—-
o
2
TT[—I'T

WIMP-nucleon cross section [cm

-
(=]
&
]
-
(=]
&
]

AL mREaLL
|

-

I} I l " A A A A ' ' I I} L
102 102
WIMP mass [GeV/c?] WIMP mass [GeV/c?]

=
£
=
k




Likeli1hood analysis

Tower 4, Detector 3

Note: these are the
Normalized
Distributions!

Normalized distribution

WIMP model

Surface Leakage

80 100
Energy [keV]

0.7 expected events
Surface + n + Pb

tot

— — N®*=3:p-value = 5.4°)9
|

Normalized distribution

1

Normalised distribution
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Interpretation of 3 candidates

A likelihood ratio test favors WIMP+background?*

hypothesis over the known background estimate as
the source of these events at the 99.81% CL(~30).

The maximum likelihood occurs at

a WIMP mass of 8.6 GeV/c?2 and WIMP-nucleon cross
section of 1.9x10-41 cm?

* for background, data driven pdfs of surface leakage
(0.41 measured), neutrons (<0.13) and Pb recoils

(<0.08) were used. Zero charge leakage estimates were
small and were not factored 1in.
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Surface Events

Surface Bulk

1:200 rejection
at ~50%
neutron

acceptance

Phonon Rising Slope

6 8 10 12

Phonon Delay
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